INTRODUCTION
Choice by exclusion is defined as 'the ability to base the choice of a target on the rejection of potential alternatives' [1]; for instance, apes [2] , monkeys [3] [4] [5] [6] , dogs [7 -9] and ravens [10] selected the baited box in a two-choice procedure with two opaque boxes after they received information about the empty box only. However, this task can be solved by an avoidance of the empty box rather than an inference about the reward in the baited box. Only in a chimpanzee study by Premack & Premack [11] , was it possible to rule out avoidance of the incorrect alternative. First, the experimenter hid an apple and a banana in two different boxes in full view of the ape; subsequently, the chimpanzee was allowed to witness the experimenter eating one of the fruits, which had been removed secretly, and was thereupon allowed to choose one box. Only one out of five individuals was reliably able to choose the still-baited box. This task was then replicated with all great ape species by Call [12] , who found a similar degree of inter-individual differences. Thus, in general, great apes are able to draw inferences by exclusion, but it seems to be a demanding, not easy-to-solve task.
Nothing is known about 'true' inferential reasoning in such a food-finding task beyond the great apes, as it has never been replicated with a non-ape species. Recent data indicate that African grey parrots (Psittacus erithacus), who are well-known for their advanced cognitive abilities [13] , are able to choose by exclusion in the visible as well as in the acoustic domain [14] . Therefore, we here tested whether African grey parrots are capable of ape-like true inferential reasoning, which will be important for our understanding of the cognitive evolution of mammals and birds.
MATERIAL AND METHODS
The subjects were seven grey parrots (four males), housed in a parrot rescue centre in Vienna, Austria. The birds were of different and often not fully known history and were between approximately 7 and 25 years old. They were housed together with other not tested individuals in an indoor-outdoor aviary (3 Â 5 m each) that was enriched with several perches and toys. Birds were fed with fruits in the morning and seeds in the evening. Testing was conducted between 9.00 and 13.00 h and each bird was tested in visual isolation (testing compartment: 120 Â 70 cm and 210 cm height) on a fixed platform (60 Â 35 cm at a height of 130 cm). The experimental set-up consisted of two identical opaque cups (9 cm height and 8 cm diameter) on a wooden, movable platform (40 Â 23 cm) hanging from the ceiling at the same height but 15 cm away from the fixed platform (see electronic supplementary material, figure S1 ). Therefore, while the birds were positioned on the fixed platform, the experimenter could present the set-up out of their reach on the movable platform and could push it within their reach to allow them to choose.
(a) Pre-tests (i) Choice training This test was introduced to ensure that the birds were aware that they would have to make a choice. One piece of food (e.g. a seed or a piece of walnut, depending on known preferences of the birds) was placed on the movable platform and covered with an opaque cup. Simultaneously, the second cup was placed on the same platform at a distance of approximately 20 cm. Then, the platform was pushed forward to allow the bird to make a choice by touching a cup with its beak and retrieve a food item if correct. One session consisted of 10 trials; the training criterion to reach the next step was set to be correct on at least eight trials in two consecutive sessions.
(ii) Preference test This test was introduced to ensure that the test performance would not be influenced by food preferences. We visibly placed two different food items (the same as in the training) simultaneously on the movable platform and covered them with the two cups. Then, the bird was allowed to choose and retrieve one food item. The position of the food types was semi-randomized with the stipulation that the same food type was not placed on the same side for more than three consecutive trials. Two sessions were conducted, each consisting of 10 trials. Birds were advanced to the test if they did not show a preference for one food type, i.e. did not select one item more than 13 times over the two sessions.
(b) Tests
In the test phase, these two equally preferred food items were then placed simultaneously on the movable platform and covered with the two cups.
(i) Visible condition Standing equidistantly between the cups and in full view of the subjects, the experimenter looked straight ahead, lifted the left cup, manipulated the food, returned the cup, lifted the right cup, manipulated the food and returned the cup. One manipulation consisted of taking the food, showing it to the bird and putting it back on the board. The other manipulation consisted of taking the food, showing it to the bird and removing it. The order of manipulations was randomized, but no food type was removed more than three times in a row and no side remained baited in more than three consecutive trials. Afterwards the bird was allowed to make a choice and received the reward if correct or saw the empty cup if not.
(ii) Invisible condition This condition was identical to the visible condition, with the exception that after covering the rewards with the cups an opaque barrier was placed between the bird and the cups and the two manipulations were performed behind this barrier. Then, the barrier was removed and the experimenter showed the item she had taken away and put it into her pocket.
The birds first received either the visible or the invisible condition. If the birds showed a significant preference for the baited cup in the invisible condition, two control conditions were conducted.
(iii) Olfaction control Behind the barrier, the experimenter hid one piece of food (per trial one of the two food types) underneath one of the cups. Without any information about the food location, the bird was then allowed to choose one cup.
(iv) Association control To test if the birds used the associative rule 'always choose the cup with the food type not having been shown', we visibly placed the two food items on the board, covered them with the cups and then took-in full view of the subject-one piece of food (of the same type as one of the food items being hidden) out of the experimenters' pocket, showed it to the bird and put it back in the pocket. Afterwards the bird was allowed to choose.
In all conditions, the birds received three sessions with 10 trials per session for a total of 30 trials in each condition. Birds received only one session per day. If a bird left the testing area during testing, the session was continued on the following day (see the electronic supplementary material).
RESULTS
The parrots received 22.9 + 4.9 ( x + s:d:, range 20 -30) trials of choice training. In the preference test, no bird chose one food type more than 12 times (binomial-tests: p ! 0.503). In the test, the birds significantly preferred the baited cup in the visible (one-sample t-test: n ¼ 7, d.f. ¼ 6, t ¼ 7.772, p , 0.001), but not in the invisible condition (t ¼ 1.430, p ¼ 0.203; figure 1). On an individual level, all birds selected the baited cup in the majority of the trials in the visible condition and three birds were significantly above chance level (p 0.043; table 1 and the electronic supplementary material, results). In the invisible condition, one out of seven birds was significantly above chance (binomial-test: p ¼ 0.005; all others: p ! 0.200; table 1). The successful bird (a female of approx. 13 years) chose at chance level in the olfaction and in the association control (binomial-test: p ¼ 0.856 in both cases). When comparing her performance in the first and last 15 trials, we found no difference in the visible condition (McNemar-test: n ¼ 15, p . 0.999) or in the olfaction (p ¼ 0.625) and association control (p ¼ 0.508), but a significant improvement in the invisible condition (p ¼ 0.016).
DISCUSSION
Our study shows that African grey parrots can use partial information about the removed food item not only to choose by exclusion based on avoidance, but that they are capable of true inferential reasoning. However, whereas several subjects solved the task when they could see the experimenter's actions, only one individual was able to solve the task when it had to infer the outcome of the experimenter's actions; still, these findings are in line with the inter-individual differences found in the great apes [2, 11] . The birds were clearly motivated to obtain the reward, even though side biases occurred (see the electronic supplementary material). As they were highly attentive and never refrained from making a choice, we are confident that the success of only a single bird in the invisible condition is not owing to motivational issues; rather, it supports the assumption that these inference tasks are not trivial but cognitively demanding. Again, this result demonstrates substantial inter-individual differences in grey parrot cognitive performance [15] and that the level of performance depends on subtle differences between tasks [13, 16] .
Importantly, the successful bird significantly improved her performance only within the invisible condition. This improvement does not necessarily point to associative learning, as the bird performed at chance level in the association control. We suggest that the improvement is owing to the fact that the bird did not comprehend the relevance of the food presentation at the beginning of the test. This is plausible in particular because this bird was first tested in the invisible condition. Probably, the bird needed a few trials to become acquainted with the test. Thus, we suggest that this bird's performance was not based on learning instead of reasoning, but rather that the bird learned to reason about the experimenter's action to solve the task.
